ABSTRACT
Introduction
Nowadays, the integrated management of water resources in regional and global aspect requires the simultaneous and effective application of several multidisciplinary approaches. (1) Long term monitoring of Ql&Qn of natural and anthropogenically influenced waters according to the WFD and the rules of EMS. (2) Various types of modeling to predict the evolution of water resources. (3) Highly satisfactory verification strategies of models. (4) Adaptation of modeling tools to the catchments [6, 7, 13, 19, 20, 37, 62] (Fig. 1) .
The application of the above approaches will bring about the creation of adequate models describing the highly complex water systems. In spite of the huge amount of models and information in this aspect, the existent gaps are still calling for further research. The attempt at the improvement of water management tools generated the following problems:
Data scarcity is unfortunately strongly correlated to water scarcity. This includes the data for water Ql & Qn, which not only determine waters as resources but also indicate the ecological status and sufficiency of water systems [5, 11, 14, 22, 24, 33] .
Another important aspect is river/sewer interaction -that is delivering excellent results for river levels and sewer performance with a view to lessening of flooding events (32) . One of the ways to solve these problems is by establishing various models. Yet, the creation of models generated further need to fill in certain gaps. The models require extensive knowledge on the mul- tiple relationships between channel hydraulic morphometry, hydrodynamics, biology, biogeochemistry -application of the principle of ecological complexity [29, 34, 36, 38, 49, 56] .
End user concerns pose the questions about the common time/spatial density of available data as well as the strong need for integration of biology, economics, hydrology as a part of the world integrative approaches and possibilities to realize LTER (long-term ecological research) [2, 15, 61, 64, 66] .
The globalization of environmental protection requires to point out the new tendencies in this integrative processes: integration of pre-accession countries like the Republic of Bulgaria in EU together with an evaluation of potential solutions and an awareness of the WFD, integration of biology and technology, integration of mathematical models and the real ecological resources and events by means of specially designed satisfactory verification programs [21, 28, 30, 39, 40, 52, 57] . Scientists apply new generation of indicative connections and processes to describe the ecological complexity. Modelers are following the idea of simplification of rather complicated ecological events. The feeling this gap is vitally necessary [32, 60, 62, 63] .
On the other hand, the highly specific nature of ecological events poses new challenges to the application of existing models. In some cases separate critical events are important, while in other -such events play only a secondary role. In this aspect, flexibility and adaptability of the models become increasingly necessary [1, 4, 25, 31, 41] . This affects not only mathematical instruments but also verification strategy and the methods and indicators used [47, 53, 65] . The so-called perceptual model needs to be gradually approximated to the reality of water catchments in order to be potentially prepared to satisfy their ecological, economic and strategic needs [44, 48, 55] .
All of the above issues were a target for extended discussions among the team of TempQsim EU project. This paper presents the realization of a part of the team ideas about the evolution of the verification strategy and data collection plan in application of HSPF model for the Ql&Qn. The hydrologic aspects have been already reported in our previous papers [40, 52] . In this paper we place an emphasis mainly on the evolution of verification instruments, as well as on the biochemical, microbiological and ecological aspects. The strategy is build up on the principles of EMS 1 [2, 21] and presents an instance for a gradual adaptation of general modeling tools to respond to the specific nature of the catchments.
Materials and Methods

Study area
The Iskar River, situated in the Western part of Bulgaria, is the longest river (368 km) which entirely flows through the territory of the country. It belongs to the Da- nube River Basin. The selected subcatchment begins at the river spring, ends at Iskar reservoir and covers an area of 892 km 2 with an average altitude of 1314 m above sea level (Fig. 2) . Geographically Bulgaria is located in the Southern part of the temperate zone, in close proximity to the subtropical Mediterranean climatic zone, which determines the moderate continental climate. During the second half of the summer and the beginning of autumn, the climate is very often affected by Azores anticyclones, which cause long-lasting dry periods (Fig. 2) .
The management and realistic forecasting of the Qn&Ql of Iskar River is a subject of social, economic, ecological and health protecting interest because it is the main source of water supply of the capital of Bulgaria -the city of Sofia. For this reason the river was nominated as the most appropriate candidate for investigation in the TempQsim EU project. More data about special dynamics has already been published [42, 52, 69] . The design of the data collection and verification strategy Running waters were characterized by longitudinal, vertical, lateral and temporal gradients. In our strategy we rely on the following general assumptions: 1. Selection of 10 key points -stations for collection of samples (7 located on the stream and 3 located on the main tributaries) on the basis of point and diffuse sources of river pollution, water extraction, extended investigation of physicochemical and microbiological parameters every season at high and at low water (Fig. 3) . model -a small part of the river is selected for detailed investigation of the cross parameters -ripal, medial (Fig.  10a) . In this case we applied the principle of opposite scale up in the modeling and selection of critical reach part of the river before the reservoir 10 times longer than the width of the river in this section. In the reach in question the special set of analyses has been realized to analyze the longitudinal and cross gradients in the river. 6. The flush events in the river dynamics have been monitored by means of automatic equipment and simultaneous laboratory analysis according to the time scale of water Ql&Qn changes. 7. The critically important processes (respiration and denitrification) in the sediments are simulated at the same time in laboratory and in situ to extract the real velocity of these processes.
In Table for [2, 21] .
The multi-parameter automatic equipment has been used at st. no. 7 (Fig. 4a) . The sampling of hyporheic (sediment) water has been realized by Bou-Rouch pump [9, 10] . In all experiments the standardized methods for determining water and ground water parameters have been applied according to the ISO 14000, APHA [3] . The microbiological parameters have been measured by plate count technique according to the routine practice [43] . Functional parameters (the rate of the sediment processes) have been measured by means of simulating chambers according to the modified by us method described by Uehlinger et al. [50, 58, 70] .
Results and Discussion
The presentation of our results will follow the idea to illustrate the gradual evolution of the experimental plan based on the levels. (1) To receive combinations of data that will meet the requirements of HSPF model. (2) Data reflecting the real ecological situation of Iskar River [40, 52] . (3) To select the critical control points (CCPs) (such as spatial, temporal and other indicators) that plays a key role in the assessment of water quality, sediments and rate of the processes in the water ecosystem [8, 68] . (4) The flexibility of this plan to be coordinated with the spatial and temporal dynamics of the river. (5) In the selected CCPs the analogous and physical models to be applied to elucidate the mechanism of functioning of the Iskar River ecosystem [12] . (6) In the development and testing of the experimental design, it was especially important to follow the principles of efficiency and effectiveness of the in situ and in lab data collection. Thus, in this paper we demonstrated the application of the "opposite scale up" 1 , as well as the appli-cation of the principle of "experimental leverage" [21] .
Because the purpose of this article is not to describe in detail the spatial/temporal and functional dynamics of water and sediment parameters, we will present the gradual adaptation of the plan on the basis of different case studies, as well as the application of the "opposite scaling up". Therefore, first we will start with extensive investigation in large scale and gradually focus attention to the deeper and intensive decoding of the processes in the selected CCPs. Seasonal dynamics of water quality parameters Initially the extended seasonal/spatial dynamics of the chemical, hydrological, microbiological parameters has been studied. Seven sampling points were chosen. They were located at all spots where changes of water quality and quantity, as well as special fluctuations of the ecological status were expected according to the previous investigation of this part of the catchments (see Fig. 3 ). The illustration of the spatial and seasonal dynamic of selected key parameters for the water quality is shown in Fig. 6a, 6b, 6c .
In the period with low waters (February, September, October) the main source of nitrogen and phosphorous pollution is town of Samokov and Wastewater Treatment Plant оf town Samokov. Depending on temperature and water quantity, the most polluted spatial points were no. 4 and no. 5. In stream the water quality was improved as a whole for each season. The results showed that the other sources of pollution, respectively the sources of N and P were located before point 7. These sources and other small point sources of pollution (agriculture, fertilizers, leaves etc.) played a role for the water quality dynamics. The large amount of N and P in winter low water at point 4 corresponded with the low activity and abundance of water microbial societies [23, 26, 27, 59, 69] . By further analysis of this data and having in mind the fact that water quality is a complex function of the rate, temperature, water quantity, horizontal and vertical exchange, and the experimental plan was expanded. The seasonal dynamics of the chemical, biological and physicochemical parameters has been included in the investigations.
Seasonal dynamics of hyporheic water quality parameters
The vertical exchange of water/hyporheic water/sediments played an essential role for water quality and deeply influenced water and sediment processes. The dynamics of chemical and microbiological parameters of hyporheic water has been studied at an extensive spatial/seasonal plan -all 7 points were subject to thorough study. A part of the data, in the form of illustration of this direction of the experimental plan, has been shown in Fig. 7 a, b, c and d .
In addition to the confirmation of the main sources of N, P, dynamic process of exchange between sediment water and river water, this extension of the study revealed that adsorbed microbial societies in sediments are more abundant and more active than free swimming interstitial microflora [6, 12, 69] . This data leads to the conclusion that the role of microbial biofilm is essential for the rate of the river system processes [16, 25, 27] . The rate and the mechanisms of these processes need to be examined and included in the dynamic assessment of water quality. This is a reliable ground for the prediction and management of the role of microbial societies and sediment biofilm for water quality [14] . Considering the CCPs of the exchange in vertical direction and elaborating these CCPs in a temporal aspect, our experimental plan has been expanded in a horizontal direction too. The river system is completely open, and as such it strongly depends on the input of tributaries as well as on the structure and functionality of the whole all catchment area. The next step in the design was the investigation of the influence of tributaries on the water quality dynamics. Influence of tributaries on the water quality Three significant tributaries play a role in the dynamics of water quality and water quantity of Iskar River -Cherni Iskar, Borovishka Bistritza and Palakariya (Fig.  3) . The ecological status of these tributaries differs greatly. River Cherni Iskar is highly mountainous and relatively anthropogenicaly unaffected, while the river Borovishka Bistritza collects the untreated or partially treated waters from hotels and ski tracks of the Borovetz winter resort, and the third one -Palakariya is the most polluted river due to the intensive agriculture in the region. The influence of waters coming from tributaries on Iskar River at different seasons has been studied in the next phase of our scenario. The results obtained in this phase of the experimental plan are shown in Fig. 8 .
The results unmistakably confirm the important influence of the tributaries on the water quality of Iskar River. The larger amount of pollution is coming from the tributaries Borovishka Bistritza and Palakariya. The river Palakariya most strongly influences water quality in Iskar River and plays a significant role in the dynamics of water quality before Reservoir Iskar i.e. the dynamic connection of main river and tributary Palakariya is important for the description and prediction of water quality. For this reason the three CCPs (6, 7a and 7) have been selected for more detailed investigation every month.
Monthly variation of parameters at the three CCPs
The temporal dynamics (monthly and often in some critical cases) of the connection Iskar River-Palakariya has been determined. The results are presented in Fig. 9 .
The results showed that in the periods of low water (winter low water -February; summer low water -July-September) the tributary Palakariya supplies Iskar River with organics, nitrates, phosphates and ammonia. At the high water season (MayJune), the strong influence of tributary Palakariya has been confirmed, regardless of the fact that concentration gradients of biogens and organic matter in the water were lower. The deeper investigation of the functioning of the connection of Palakariya-Iskar River showed that in point no. 7 self-purification properties of Iskar River neutralize the negative effect of Palakariya and the water quality of CCPs no. 7 is improved. All this brings us to the conclusion that the ecological status, dynamics and rate of the processes in this important segment (reach) of the river determine the water quality in the reservoir as a main source of water supply for the capital Sofia. These conclusions became the basis for the new development of the experimental plan directed to the deeper study of the role of this reach, availability of hot spots, water, hyporheic water, sediment processes, vertical, longitudinal and cross gradients of the parameters, changes at the time of flush and risk events. Therefore, the next step in the development of the experimental plan is the selection of the part from Iskar River before the reservoir to be modeled, including point no. 7. This river segment plays the role of a physically smaller model of the whole previously investigated river section. Such kind of investigation can be called "opposite scaling up" which is opposite to the scaling up in biotechnology (lab scale, pilot scale, full scale). In our experimental plan we started from large scale examination and gradually identified the most important part of the river (500 m long) to play the role of a mini-model for detailed study of the complex relations -water quantity/water quality, availability of hot spots; flush events/water quality, role of rate of the processes in the sediments for water quality, as well as for ecological status and sufficiency of the waters and sediments etc. In our study we considered the reach as a model for detailed study. Due to the key role of the reach, the extracted relations have been discussed as essential for the whole river and especially for the part of it with key importance for the water quality of the reservoir.
Longitudinal and cross parameters at reach site
The hot spots in the reach have been determined for sampling. The purpose of this step of the experimental plan was to analyze the significance of the longitudinal and cross gradients of parameters at the section. The scheme of the set of sampling at the reach is shown in Fig. 10a and the results are shown in Fig. 10b and 10c . At the reach the longitudinal and cross gradients of investigated parameters have not been measured. The reason behind that fact is the high mixing, respectively the high rate of stream. These results are basic for the selection of the section (CCP no. 7) where the automatic station was installed in order to automatically monitor the water level, water quantity and some important physicochemical parameters -pH, DO, turbidity, every 6 hours. This section CCP no. 7 plays the role of a target sampling point for determining the dynamic relation water level/water quality not only at the time of normal seasonal changes but also and especially for flush events and risk situations. We considered such kind of disturbances of the ecosystem to be very important for the prediction of the ecological sufficiency of the system as well as for the dynamic reactions for the ensuring of the high water quality.
Relationship water level/ water quality at flush event
The results showed that an accidental in- crease of water level correlated with the increase of the biogens and suspended matter ( Fig. 11a and 11b) . Study of these fluctuations will create the ground for development of the modeling aiming at the prediction of specific ecological situations and will allow the application of the verified measures for the rational and safe water use.
Up to this moment, water quality, water quantity and realized processes in the water phase were in the centre of the experimental plan. Another important aspect of our scenario was the measurement and simulation of the rate of the processes in the sediments [46] . Rate of the processes in the sediments In our research this simulation was realized by means of analogous model in the respiration/denitrification chambers which make it possible to measure the rate of respiration and the rate of denitrification in the river sediments ( Fig. 12 and Fig. 4) . The results are shown in the Fig. 13a and 13b .
The respiration processes in sediments go through three distinct phases. The first phase includes the time from 0 to 6 th hour. The respiration rate is the highest and is equal to 0.55 mg O.l -1 .h -1 . The rate during the period 10 th -72 nd hour is 0.11 mg O.l -1 .h -1 . The oxygen level after the 72 nd hour is approximately 0 and the rate is negligible.
Denitrification is takes place in aerobic and in anoxy conditions. The process of denitrification is strongly dependent upon nitrate concentration, as well as upon organic matter concentration [58] . At 3.5 mg.l -1 initial concentration of nitrates the rate is 0.038 mg NO 3 -.l -1 .h -1 . At an initial nitrate concentration of 0.6 mg.l -1 the rate is 0.003 mg NO 3 -.l -1 .h -1 . These results illustrate how the analogous model tools can provide data, received by means of different experimental approaches applied by the interdisciplinary ecological team, pursuing the purposes to collect information about the ecological complexity [18, 19, 67] . At the same time, the most effective indication has been followed to obtain maximum verification information at a minimum cost, selection of the critical control points and standard methods and indicators according to the ISO and APHA. Indicative microbial groups of bacteria in the river sediments Another important parameter for the potential of the sediments enriches the water with the bacteria from family Enterobacteriaceae is the abundance of this group [35] . The greater part of this family is patho-
genic or conditionally pathogenic. The abundance of these bacteria and their location in various river microhabitats can be used for forecasting the changes of river water and sediment quality as well as the pollution with municipal waters in the stream. This was the argument to include the informative bacterial indicator in the experimental plan. The data illustrated dynamics of the numbers of bacteria in the sediment water and adsorbed Endo-bacteria in the sediment particles have been shown in Fig. 13a and 13b . The results confirmed two important dependences.
(1) At all the sampling stations in the stream and during all seasons the Endo-bacteria adsorbed in the sediment particles are considerably higher in number than free swimming bacteria. All this confirms that the rate of biochemical transformation processes on the sediment surface is higher, due to the concentration of substrates, microorganisms and extra-cellular enzymes [54] . (2) At the time of flush events together with the turbulence of suspended matter, sediments become the source of bacteria for the water. These processes play the role of critical factors for the changes in water quality and the rate of the transformation processes in the water, sediment water and sediments. The facts presented in this paper confirm the necessity the mathematical tools of the models to develop, to verify on the principles of ecological complexity. In parallel on the base of the mathematical instruments as well as on the base of the specificity of the river ecosystem to develop a specially constructed experimental plan for data collection [45, 51] . These data will contribute to the authentic calibration, verification of the modeling tools as well as to the realistic forecasting of the river water quality and quantity.
Conclusions
In conclusion, it is important to point out that mathematical modeling remains an important instrument for river ecosystem management. Nevertheless, the applicability of this instrument is strongly dependent on the experimental plan of data collection, its evolution and adequate adaptation to the particular ecosystem, and to the predicted events. In this aspect the paper illustrates an example of gradual development of the data collection scenario for application of the HSPF model for the upper part of Iskar River. Here it is important to pay attention on the other demonstrated approaches for the ecological modeling -simulation of the critical processes, application of the principles of physical and analogous models in different moments on the basis of EMS, opposite scaling up (large scale, reach scale, "hot spots" (key microhabitats) processes simulation. The interdisciplinary team will continue with the further development of the experimental plan in the direction of deeper biochemical characterization of the most important microhabitats as well as their role in the formation of the general parameters of river water quality and ecological sufficiency.
